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OF THE ROLLING EFFECTIVENESS OF A Lk2,7° SWEPTBACK .
WING HAVING PARTTAT—SPAN ATTERONS

By Cerl A. Sandahl
SUMMARY

An investigation of the rolling effectiveness at transonic and super—
gonic speeds of partial—span aillerons on a L42,7° sweptback wing having oL
symnetrical circular—arc airfoil.sections of 10-percent thickness ratio .
normel te the wing quarter—chord line has been made by means of rocket— '
propelled test vehicles. The results showed that with 5° aileron deflec—
tion, the rolling effectiveness decreased abruptly at gbout Mach number
0.90, was reversed between Mach mumbers 0.94 and 1.0, and again became
positive above Mach mumber 1.0. With 10° aileron deflection, no alleron
reversal was obtained. Good agreement wilith regard to rolling effectlve—
ness was obtained with data from supersonic wind~tunnel teste made at
Mach number 1.9.

TWTRODUCTION

Tn the course of sn investigation of wing-aileron rolling—effective—
ness characteristics at transonic and supersonic speeds being conducted
by the Pllotless Alrcraft Research Division of the Langley Aeronautical
Taboratory utilizing rocket—propelled test vehicles in free flight, a
wing—aileron configuration having a relatively large thickmsss ratio was
tested. The wing tested was sweptback 40P at the quarter—chord line,
had an aspect ratio of h.O, e taper ratio of 0.5, and employed symmetrical
circular—arc airfoil sections of 10-percent thickness ratio (NACA 25—(50)
(05)—(50)(05)) normal to the wing querter—chord line. The allerons were
hinged at the 0.8 chord line and extended over the outboard half of the
semispan. Four flight tests were made: +two with the ailerons deflected
50 and two wilth the ailerons deflected 10°, The tests, whichiwere made by
means of the free—flight technique described in references 1l.and 2, permit
the evaluation of the wing-aileron rolling effectiveneds over the Mach
number range from about 0.6 to 1.8 at relatively large“ggaLg: The tests
were made during Januasry 1948, \ E A
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NACA RM No, I8E25
SYMBOLS

b
57 wing-tip helix angle, radlans
Cﬁ drag coefficient based on total exposed, wing area of

1.563 square feet _
g, deflection of each aileron measured in plane normal to hinge

line, degrees . »
M Mach number . _ - - , o
R Réynolds number based on average exposed wing chord of 0,55 foot
% wing-torsional—stiffness parameter o - : -
e angle of twist produced by m at any section along wing span

in plane parallel to model center line gnd normal to wing

chord plane, redians - = -
m . .concentrated couple applied near wing tip in plane parsllel to

model center llne and normal to wing chord-plane, inch—pounds
TEST VEHICLES AND TESTS

The general arrangement of the test vehicles is shown In figures 1
and 2, Additiocnal informatiorn pertinent to the itest vehicles is given
in table I. The wings and fuselage of the test vehicles are comstructed _
mainly of wood. The wing—eileron configuration under investigation is
attached to the rearward portion of the fuselage In a three-wing arrenge—
ment. It should be noted that unpublished tests of three_and four wing
configurations indicate that, with regard to rolling—effectiveness
characterlstics, the 1nterference effects between the wings are negligible.

The wings are stiffened by means of steel plates cycle—~welded into
the upper and lower surfaces as sghown In figure 1. The measured torsionsl—
stiffness characteristics of the wings are shown in the curves of figure 3
The degree of wing torsionel stiffness indicated by the curves of figure 3
has been shown by tests reported in reference 2 to be sufficient to
reduce the effects of wing twisting to‘a‘nsgligible amount ,

The test vehicles are propelled by a two—stage rocket—propulsion
system to a Mach number of 1.9, During coasting flight following burnout
of the rocket motor, time histories of the rolling velocity produced by
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the ailerons (obtained Wwith '#plnsdrde’ radic -egiilpment) and the flight—
path velocity (obtained with Doppler radar) are recorded. These data,
in conjunction with atmospheric datae obtained with radiosondes, permit

the’ evaluagion ’of Fﬂhe ?ro'a:ﬂ_nmf f?éc%iﬁv%‘ﬁtes;gl%&m!’éﬁ “fga%a:f.gga%'r ﬁ{g\c‘bion

of Mach number. The di%‘éw%é}'}%ie%t“%f ¥i1 tes% \fé?lic%ess ig, a.l&soo Bhtained

by a process involving the graphic differentiation of the curve of flight—
path velocity agalnst Jjiimbi~ Thevathle;ofw thé! tgpteuds indicated: by, the
curve of.Reynolds. number{iaghingt Machyimmbei Shown' durflghrst by b comsh
plete descriptiofi of rblren teckriigueid £ Zivens in referencesl @nd®.,) Frods
szf et pt wilguords beowbet msw smencviioelid st ,moidoelted “2 dASIW
acnGry dos arm beaveves asw bas #Q.0 od 0.0 twods mort epasT Tedmurn
-s[.‘!.!_‘.'l‘e{f fitens genzsvijostie ACCURACY.: sosd dotdw da ,0.L dwode of 0.0
iaw mpameviiseSie movells Yo Isewever oa moltoelteb C0L dFtW .evidieoq
. beittsrdo
The accuracy of the test results is estimated to be within the
PolloWwing limltst:iratipitnos corelits—aatw 8 qolevab of Iwite as al
e—'.can:e*xe 28 ,abesgs oimoansytd J8 maeneviioelts 99 [astevex o Joeldue od
‘*'('d.uef“bo 1imitations onfmoa¥l ¥ohebrubticnalshtbmency)iv moliantnoos
iR 'RLL"_pD 320T-0L ¥d ~V beegqe—dntd (elpasl sedf at betowhaoo aeed aad
%570 (c-( ~woietas it bedtiomed e4s mtmed emedl ,evplroed "qmud" edF
dng_to, me@%%é&gﬂ&@@%ﬁ Pacelgt po ekl wd ot PO0
:-.-'muqa slocumey Ja amiiselteb [Is T adoemom attlilox evidteoq beosuborg
CD".-TI'S.I"'J""E CUARSI LR T O --;quumb erfd mta‘mt_tdaa 1o t&LUﬁI'I‘J:.tb orfd %o W'&f’f
aBgd Tet ';;.:3.-. ~g:08 ‘od Jedadi 'l oif Yo "sdody “xddubud doaM edd at
atga; gIits =0T s arBed :n{gl.[& tnenerg odd to Bilueet edd edaferios od
M & 4 6 o ¢ ¢ o o ¢ s s o o s o o o o s o s o a s s ¢ o o o +0.005
Ml eme - wmssevidoeTre-smntlifor odd at € 8xiplt al awoda osfA
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RESULTS AND DISCUSSION

The resulte of the present investigation are shown in figure 5 as

curves of % end C, a@s functions of Mach number .

As shown 1n figure 5, the wing-ailleron rolling effectiveness

decreased with increassing Mach number in the Mach number range from
about 0.62 to about 0,90 for both 5° and 10° alleron deflections,
With 5° deflection, the effectiveness was reduced abruptly in the Mach
munber range from sbout 0,90 to 0.94 and was reversed from Mech rumber
0.94 to about 1.0, at which Mach number the effectiveness again became
positive., With 10° deflection no reversal of aileron effectiveness was
obtained.

In an effort to develop & wing-eileron configuration which would not
be subJect to reversal of effectiveness at transonic speeds, an extensive
investigation of a semlspan model of the wing used in the present tests
hag been conducted in the Langley high—speed T- by 1l0-foot tunnel using
the "bump" technique. These tests are described in reference 3. Several
modifications to the orlginel asileron configuration were developed which
produced positive rolling moments for all deflections at transonic speeds.
Because of the difflculty of estimating the damping—in—roll coefficlent
in the Mech number range of the "bump" teste, no attempt has been made
to correlate the results of the present flight tests and the "bump" tests.

Also shown in figure 5 1s the rolling-effectiveness parameter -g%

calculated from static aileron rolling-moment measurements in the Langley
9— by 1l2-inch supersonic blowdown tunnel of & semispen model of the wing
used in the present tests. The wind—tunnel teste were made at a Mach

number of 1.9 and at a Reynolds number of 2,2 X 10°, In calculating é%

from the wind—-tunnel restlts a damping—in—roll coefficlent of —~0.31 was
used. This velue is from unpublished work of the stability enslysis
section of -the Langley Laboratory utilizing ‘methods based on the linear—
1zed supersonlc-flow equations. Good agreement exlsts between the tunnel
and the present free-flight tests. C

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field; Va.
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TABIE I

GEOMETRIC CHARACTERISTICS OF TEST VEHICLES

Total exposed wing area, 8Q £t « o o o o ¢ ¢ ¢ ¢ o o ¥ o o o o 1.563

Aspectratio................;......... aL.,0

TAPOY YBELO o o o o o o o ¢ ¢ o 0 o o o o o 0 o s 0 o 0 0 0 s 8.5

Sweépback of wing leading edge, deg o e e e e e e e e e e e he."( o -

Sweepback of wing tralling edge, deg . « « ¢ s o o o o ¢ o o & 30.5

Ratlo of alleron chord to wing chord . « « o ¢ ¢« ¢ ¢ ¢ o o o & 0.20 _

Ratio of alleron span to wing 8pan « « + « ¢ o o ¢ o ¢ ¢ o o o 20.50 .

Angle between upper and lower wing surfaces at tralllng edge Co
measured in plane normal to quarter-chord line, deg .+ . . . 22.6 o

Angle between upper and lower wilng surfaces a;b tralling edge -
measured in plane parallel to test-vehlcle center line, deg 21.7

Moment of 4inertia about roll axis, slug-ft% .« « « « « « « + + . 0.0556

80btained by extending leading edge and trailing edge to center line of
test vehlcle. ~NACA ~
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Figure 2.- Photograph of test vehicle.
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